Cell culture
Primary human skin fibroblasts were cultured as described previously (22) in Dulbecco´s modified Eagle´s medium supplemented with L-glutamine and 10% fetal calf serum in a humidified 5% CO 2 atmosphere at 37°C. For lipid analysis, cells were seeded into 6-well plates and grown to confluence. Cells were rinsed two times with ice-cold phosphate buffer saline (PBS) and either lysed in 0.2% sodium dodecyl sulfate (SDS) in water or scraped in PBS. Subsequently samples were subjected to centrifugation at 240 g for 7 min and the resulting pellet was homogenized in distilled water by sonication. Fibroblasts treated with myriocin or sphingosine kinase inhibitor contamination of the mass spectrometer, the column flow was directed only from 1.0 to 3.0 min into the mass spectrometer using a diverter valve. Otherwise methanol with a flow rate of 250 µL/min was delivered into the mass spectrometer. The Turbo Ion Spray source was operated in the positive ionization mode using the following settings: Ion spray voltage = 5500V, ion source heater temperature = 400°C, source gas 1 = 40psi, source gas 2 = 35psi and curtain gas setting = 20psi.
Analytes were monitored in the multiple reaction monitoring (MRM) mode, mass transitions and MS parameters are shown in Table 1 . Quadrupoles Q1 and Q3 were working at unit resolution.
Calibration and quantification
Calibration was achieved by standard addition of naturally occurring sphingolipid species (S1P, GluCer 16:0, Table 1 .
Analysis of sphingosine-1-phosphate, ceramide and sphingomyelin
Sphingosine-1-phosphate (S1P) was analyzed by LC-MS/MS as described previously (18 (Fig. 1 A) . TrimetSPH showed only one intense fragment representing a trimethylammonium-ion at m/z 60 ( Fig. 1 B) . In contrast to Cer1P
species showing a sphingoid base fragment, dihydro-Cer-1P displayed a neutral loss of phosphoric acid in positive ion mode (Fig. 1 C) . Collision induced dissociation of PhytoSPH showed two prominent fragment ions, resulting from the loss of one and two water molecules (Fig. 1 D) . chromatography (HILIC) which shows lipid head group selectivity along with the use of polar solvents. Using a sub-2-micron particle size we achieved baseline separation for all sphingolipid classes within 2 min and 4.5 min total run time including reequilibration ( Fig. 2 and 3 ). Gradient elution was performed with a mixture of acetonitrile and water including 0.2% formic acid and 200 mM ammonium formate.
Hydrophilic interaction chromatography (HILIC) of sphingolipids
Addition of formic acid improved the ionization efficiency, an optimum was found at 0.2%. For optimum performance and reproducibility it is recommended to use at least a concentration of 10 mmol/L ammonium formate in the mobile phase. Therefore, 200 mmol/L buffer and 0.2% formic acid were added to mobile phase A and 0.2% formic acid to mobile phase B. 
Extraction efficiency and matrix effects
To analyze polar sphingolipids from one lipid extract, we tested a butanolic extraction previously described for sphingosine-1-phosphate analysis (18) . The extraction efficiency was determined in fibroblast homogenate by adding a sphingolipid standard mixture before and after extraction (Tab. 2). Mean recoveries were between 60-70% and did not vary with concentration of standard added.
We assessed matrix effects by analyzing a standard mixture in methanol and also spiked into fibroblast lipid extracts (Tab.2). Addition of fibroblast cell extract did either not influence or slightly increase the signals up to 20%.
Quantification of sphingolipid species
In order to compensate for variations in sample preparation and ionization efficiency, a set of non naturally occurring sphingolipids, GluCer 12:0, LacCer 12:0, SPH d17:1, Cer1P 12:0 and SPC d17:1 was added as internal standards (IS) prior to extraction.
The ratio between analyte and IS was used for quantification as indicated in Table 1 . 
Assay characteristics
Assay accuracy was calculated using three spiked fibroblast lipid extracts at different concentrations, covering the entire calibration range. Accuracy was found between 90 and 110% (Tab. 5).
Precision was determined in 3 fibroblast samples, containing 25, 50 and 100 µg of cellular protein (Tab. 5). Coefficients of variation (CVs) were below 10% for most species for both intraday and interday precision (Tab. 5).
Since no analyte free matrix was available, we calculated the limit of detection (LOD)
defined as a signal-to-noise-ratio of three. While for most of the analyzed sphingolipid classes, less than 10 fmol are sufficient for quantification, PhytoSPH and dhCer-1P displayed a LOD up to 50 fmol on column (Tab. 1). Next we tested the stability of the homogenates. Fibroblast homogenates prepared either in water or SDS were frozen immediately or after 6h at room temperature.
Preparation of cell culture samples and sample stability
Storage at room temperature showed no effect on most sphingolipid levels, except a slight increase of SPH and Cer1P in SDS and PhytoSPH in water (Tab. 7).
Analysis of fibroblasts treated with myriocin/sphingosine-kinase inhibitor
To test feasibility of this novel method we treated primary human skin fibroblasts either with myriocin, an inhibitior of serine-palmitoyl transferase (SPT) (30) or sphingosine-kinase inhibitor (SKI) (30-33). To obtain the full range of sphingolipid concentrations we additionally analyzed sphingosine-1-phosphate, sphingomyelin and ceramide species using previously described methods (18;25;26;28).
Myriocin decreased cellular S1P and SPC levels at sub-nanomolar concentrations to 60% and 40% of the untreated control (Fig. 4A) . The other analyzed sphingolipid classes showed only minor changes upon treatment with myriocin up to 1nM ( Fig.   4A /B). The most pronounced effects were observed at 5 nM myriocin, with decreased Cer, HexCer, LacCer and free sphingoid bases concentrations and a further decline of S1P and SPC level.
SKI treatment of fibroblasts at nanomolar concentrations decreased S1P and SPC by more than 50% (Fig. 4C ). Micromolar concentrations of SKI resulted in S1P below and SPC concentration close to the LOD, and lead to a pronounced increase in the level of the free sphingoid base. Interestingly, increased levels of SPA were paralleled by dihydro-SM (Fig. 4C/D) . SKI treatment in the pharmacological range (0.5-5µM) (34) did not change Cer and SM levels significantly (Fig. 4) . Surprisingly, SKI treatment decreased LacCer at low concentrations.
Taken together these data show that drug treatments that affect enzymes involved in sphingolipid metabolism may not only affect the targeted metabolites, but the whole pathway.
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